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flTEREOSELHCTIVB SYOTHESIS OF NUCLEOSIDE ANAliOGTTgS 



FIELD OP THE rNVENTIQW 

The present invention relates generally to a novel method 
for the-pr^fcW?a£ar6ri'of "hueleo9a:de ^iiJiaSSogu^fi^ 
precursors and inore particularly to a metsfhod*^ of ^-preparing a 
nucleoside with analog by the use^^^of ^specif ic .enzyrties to 
stereoseleGtively produce -dioxolane nucleoside«.analogues or 
their precursors. 

BACKGROTOJD OF THE IMVgNTION 

The pharmacological activity of pharmaceutical 
compounds (drugs) depend mainly on their interaction with 
biological matrices (drug targets) , such as proteins 
(receptors and enzymes) / nucleic acids (DNA and RNTA) and 
biomembranes (phospholipids and glycol ipids ) . All these drug 
targets'' have compi.ex tK£^ -dimensional structur^i .which are 
capable of binding. ..specifically to ^^the drug :^in --only one of 
the many possible arrangements >4n "the three-dimensional 
space. It is the-4:hree-dimensiona'lK structure of the, drug 
taxget that in part, determinesrwhich of the potential drug 
is bound within its cavity^^and**'Wi-th >rhafc» affinity . 

The spatial arrangement of atomSv in an asymetric molecule is 
termed chirality. Chirality re suits dn -the creation of 
atereoisomers . Stereoisomers are compounds with identical 
chemical composition and atom connectivity (i*e. same 
constitution) , but different arrangements of the atoms in 
space (i.e, different configurations) . Stereoisomers are 
classified according to the number of chiral centers in each 
molecule and the spatial arrangement of the chiral center. 



Chirdl centers of organic nvolftcules include chirai cartoon 
atoms which have four different substituents connected 
thereto and arranged in a generally tetrahedral 
configuration. Another type of chirai center i© a chirai 
plane oriented along a rigid C^C bond that has at least two 
different substituents connected to the remaining four bond 
positions in that arrangement. 

The chirality of molecules that are the subject of the 
present application refer to chirality created by chirai 
atoms and not chirai bonds. The following discussions will 
be limited to chirality created at one or more chirai carbon 
atoms which have four different s\abstituents bound to each 
of the four different binding sites of the carbon. 

When a molecule has a single chirai carbon, there are two 
stereoieomere that are mirror images of each other. Thie 
pair of isomers is termed enantiomers or an enantiomeric 
pair. When there are two chirai carbon atome, there are four 
stereoisomers and two pairs of mirror images or enantiomers- 
A stereoisomer which is not a mirror image of another 
stereoisomer is a diastereisomer , 

One type of stereochemical distinction relates to cyclic 
sugars or analogs of cyclic sugars. Cyclic sugars can be 
designated as a particular anomer depending upon the 
stereochemical configuration. 

The term "anomer" designates the spatial arrangement of 
cyclic sugars or analogs or derivatives thereof that has two 
chirai centers in a five or six member ring. The ring is 
generally planar. The anomeric designation defines the 
relative configuration of the two chirai centers relative to 
a hypothetical plane defined by the ring. The chirai 
centers typically have two aubstituents outside the ring. 
One substituent is a H. The other substituent is a larger 




moiety euch as a hydroxyl, methoxyl, purine or pyrimidine 
base, Coirboxyl, etc. 

When the two larger constituents on each chiral center are 
on the same side of the plane in the ring, they are defined 
ae a P-anomer (cis- isomer) . When two larger moieties are on 
opposite sides of the planar ring-> they- are defined^ as- the 
a-anomer (trans-ieomer) . An anomer- is a type -of 
diastereomer . 

Because chirality is usually linked with biological activity 
or toxicity, it is important from the point of view of drug 
development to evaluate the physiological effect of each 
isomers. Frequently, one stereoisomer is considerably more 
active then the other. In other situations, the non-active 
isomer may inhibit the activity of the more active form. In 
some instances, the less preferred stereoisomer may be 
equally potent but have greater toxicity than the preferred 
stef^^Slfeomi^c^ In"ea:@l^of these insSahde^^ the'^l^<^g^iutic 
effect of a .drug can be increased 4. f theWsingle most 
preferred stereoisomer is administered in higher purity. 

The current trendv^dn the drugf^: markets reflects a greater use 
o £ B ingl e -s t e r e o i s ome r drugs^v** The s a^Le s- o f s i ng 1 e =^ 
stereoisomer drugs;^^ have ^-increased- considerably. In 1995, 
single stereoisomer drugs .sold for $61 billion worldwide. 
In t he ^ye a r 2 O Q 0 , t hat annua 1^ wor 1 dw ide sales are e xp e e t ed 
to be $90 billion. 

An important class of pharmacological agents relate to 3'- 
oxa- substituted 2 ' , 3 * -dideoxynucleoside analogues 
("dioxolane nucleoside analogues"). These compounds have 
two chiral centers corresponding to the a-^stituted carbons 
2 and 4 of the dioxolane ring (C2 and C4 respectively) . 
Thus each compound can exist as four different stereoisomers 



depending on the postrion of boch substituents with respect 
to the dioxolane ring. 



The stereoisomers of a dioxolane nucieoeide analog are 
represented by the following diagrams where the letter B 
represents a purine or pyrimidine base or an analogue or 
derivative of a purine or pyrimidine base as defined 
herewith. 



For the purpose of consistency, the same stereochemical 
deBignation is used when the methoxyl moiety or the base 
moiety is replaced with another substituent group. 

The C2 carbon in each of the above formulae is the carbon 
atom in the ring that connects the methoxy group to the 
dioxolane ring. The C4 carbon is the carbon atom in each of 
the above formulae that connects the base (B) substituent to 
the dioxolane ring. 

The four stereoisomers represented above are two 
diastereomer pairs of two enanticmers. The P-anomer 
represent one set of enanticmers^ the ^-L enantiomer and the 
(J-D enantiomer. The a-anomers represent one set of 
enantiomers, the a-L enantiomer and the a-D enantiomer. 

Compounds with D- configuration have an outward directed 
methoxy group when the ring is oriented in the plane of the 
page with the oxygen in the first position (03) at the top 
of the page with the carbon in the two position (C2) on the 
right side as illustrated above. This is also represented 




P-D 



P-L 



a-D 



a-L 




by the deBignaclon (2R) . Compoiinds having an L- 
conf iguration has inward directed methoxy group when the 
ring ia oriented in the plane of the page with the 03 oxygen 
at the top of the page vith the C2 carbon on the right side 
as illustrated above. This is also represented by the 
designation (2S) . 

A variet^y cf ^ dioxolane nucieofiide-^anaiagi!iesjwhavv.B ^beea 
iden^feif ied to have antiviral- and ^ani>icaneeii;ii?acti^ For 
example, 9 (p-D-2-hydroxymethyl-l, 3-dioxolane-4-yl) -2- 
aminopurine (P-D-DAPD) and its metabolite 9-(P-D-2- 
hydroxymethyl-l, 3 'dioxolan-4-yl) -guanine (P-D-DXG) have been 
reported to have potent and selective activity against human 
iiranunodef iciency virus (HIV) and hepatitis B virus (HBV) 
{Rajagopalan et al . , Antiviral Chem, Chemother 19 96^ 7(2), 
65-70) Similarly, 1- (p-L-2-hydroxymethyl-l, 3-dioxolan-4-yl) 
thymine (Dioxolane-T) {Noxbeck et al», Tetrahedron Lett,, 
1989,30, 6263-66) possess anti-HIV and anti-HBV activity. 
1 - ( P - D - 2 - hy droxyme t hy 1 -1,3- dioxolanr^ 4 -y 1 )^cyi5d din!e.( P - L -OddC ) 
(Bednarski% et« al.. , B^omg»m^l^edr.^Qhemr.^Le^^ , 1994;^ 4 , 2667- 
72 ) was^^dis^Goveosed^t o*fe^ha5J!je%^poi^^^^ tumor ac-t ivi t y 

toward si^human«ipr©statie aB(i(twel^li*^as#renafli3,ca*^r>!^*^^^ et 
al , , Can,(v^. CaCncea^Ree., , 57f{2lj.t^, 4 8i0Q^O^^ 1S9^*)~\ P^-OddC is 
the €irstH nueleos4«deifana»idgue^wi»l£^^ shown 
to have anticancer, activity. Sineef«^sfeereoi:&omers of 
dioxoi-ane*Mnu©leQSd-des!L*usual-ly hay^ei^d^^^ 

activities and toxicity, obtaining the pure therapeutically 
active isomer becomes crucial. 

Chiral synthetic mechodB have improved over the past several 
years with respect to synthetic techniques that result in 
single stereoisomer compounds* However, there is a present 
need to find novel synthetic methods which can be widely 
used to form a particular stereoisomer with greater 
efficiency and purity. 



s 



For examples, for many years a person of ordinary skill in 
the art could use enzymes to Bt^parate enantiomers of 
dioxolane compounds. However, it ie not known in the art 
how to produce a dioxolane nucleoside analog using a step 
of separating an anoineric Trdxture of certain dioxolane 
precursors to produce an end product with greacer efficiency 
and purity. 

Because stereochemicaily pure dioxolane nucleosides are an 
i^p^ytant class of compounds due to their knovm antiviral 
activity against retroviruses, such as human 
immunodeficiency viruses (HIV) and hepatitis B virus 
(HBV)and activity against various types of cancers, there is 
a need for other inexpensive and efficient stereoselective 
methods for their preparation. The present invention 
satisfies this and other needs. 

.^ pMMARY THE INVEKTIOS 

The present invention is a novel process for making a class 
of dioxolane nucleoside analogs that include a step o£ 
separating with certain enzymes P and a anomers from an 
anomeric mixture of dioxolane nucleoside analogue precursors 
which provides higher yield and greater efficiency of 
producing dioxolane nucleoside analogs. Specifically, the 
present invention is a process for making dioxolane 
nucleoside analogs and includes the step of separating p and 
a anomers from an ancmeric mixture represented by the 
following formula A or formula B: 



WO--^ ^ COOR, WO-| COOR, 

^ V 

(A) (B) 
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wherein W is benzyl or benzoyl and is selected from the 
group consisting of Q.^ alkyl and C^.^^ aryl . The process 
involves the step of hydrolyzing the tnixfure of compounds 
represented by formula A and formula B with an enzyme 
selected from the group consisting of cholesterol esterase, 
SSL-OOl-02, horse'^liv r ee tef a ^'e,~ bovine pancreatic 
protease r a-chyruotrypsin, protease- from streptomyces^^ 
caeopitosie, substilisin from bacillus licheniformi'Sv 
protease from aspergillus oryzae, proteinase from baciliuB 
licheniformis, subtilisin from bacillus lichenif ormis, 
protease from streptomyces griseus, acylase from aspergillus 
melletuB, proteinase from bacillus sxibtilis, diversa 
clonezyme #5, pronase from streptomyces, lipase from 
rhizopus arrhizus, lipoprotien lipase from pseudomonas sp. 
type B, bacterial prorienase, lipase from pseudomonas 
cepacia and bacterial protienase. The process 
stereoselectively hydrolyses predominantly one anomer to 
form a product where of formula A and formula B is 
repXac^ed with H. The other anomer remains substantially 
unhydrolyzed. The process also, compa^isea separating the 
hydrolyzedv..product from unhydrolyzed - starting material . 

The process of one embodiment further- includes, the step of 
stereoselectively replacing the -R^'^^'grpup.^with a purinyl/ 
pyrimidinyl or derivative thereof to produce a dioxolane 
nucleoside analog that has a high degree of stereochemical 
purity • 

According to one embodiment of the invention, the step of 
hydrolyzing results in a starting material having an 
anomeric purity of at least 80%. According to another 
embodiment, the step of hydrolyzing results in a starting 
material having an anomeric purity of at least 90%, In yet 
another embodiment, the step of hydrolyzing results in a 
starting material having an anomeric purity of at least 95% . 
in an additional embodiment, the step of hydrolyzing results 




in a starting material having an anomeric purity of at least 



According to one emboditnent of the invention, the etep of 
hydrolyzing results in a product having an anomeric purity 
of at least 80%. According to another embodinient, the step 
of hydrolyzing results in a product having an anomeric 
purity of at least 90%. In yet another embodiment, the step 
of hydrolyzing results in a product having an anomeric 
purity of at least 95%-. In an additional embodiment, the 
step of hydrolyzing results in a product having an anomeric 
purity of at least 98%. 

In one embodiment of the present invention, W of formula A 
or formula B is benzyl and the enzyme is selected from the 
group consisting of cholesterol esterase, horse 
liver esterase/ bovine pancreatic protease^ a -chymo trypsin, 
protease from streptomyces caeopitosis, substiliein from 
bacillus lichenif ormis . In another embodiment, the enzyme 
is a-chymotrypsin. In yet another embodiment, the enzyme is 
bovine pancreatic protease. 

In one embodiment of the present invention, W of formula A 
and formula B is benzoyl and the enzyme is selected from the 
group consisting of protease from agpergillus oryzae, 
proteinase from bacillus lichenif ormis , subtilisin from 
Bacillus lichenif ormis, protease from streptomyces griseus, 
acylase from aspergillus melletus, proteinase from bacillus 
fiubtilis, diversa clonezymes #5, pronase from streptoinyces, 
lipase from Rhizopus arrhizus, lipoprotien lipase from 
pseudomonas sp. type B, bacterial protienase, and lipase 
from pseudomonas cepacia. In another embodiment, the enzyme 
is selected from the group consisting of aspergillus oryzae, 
proteinase from bacillus lichenif ormis, subtilisin from 
Bacillus lichenif ormis, protease from streptomyces griseua, 
pronase from streptomyces, and lipase from rhizopus 
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arrhizue . In yet another embodiment; the enzyme is selected 
from the group comprising aspergillug cryzae and proteinase 
from bacillus licheniformiB . 

In one entbodimenc , the p-anomer is the predominant product. 
In another embodiment/ the a-anomer is the predbcnih^nc 
product. In yet another embodiment, the p-L-enantiomer is 
the predominant product. In an additional embodiment, the 
p-D-enantiomer is the predominant product. In yet another 
embodiment, the a-L-enantiomer is the predominant product. 
In an additional embodiment, the a-D-enantiomer is the 
predominant product . 

In one embodiment/ the invention is a process for 
stereoselectively preparing a dioxolane nucleoside analog by 
separating p and a-anomers from an anomeric mixture 
represented by formula A or formula B according to one of 
the above embodiments. The process further includes the 
step of stereoselectively. replacing«*rt:he%.Ri^>>group^.>/ith a 
purinyl or pyrimidinyl or^ derivative selected from^^the group 
consist ing-^jD f : 




In this embodiment, is selected from the group consisting 
of hydrogen, C^.^ aXkyl, C^.^ acyl and RjCtO) wherein R5 is 
hydrogen or a.^ alkyl- Additionally, R^^ and are each 
independently selected from the group consisting of 
hydrogen, C^.^ alkyl, bromine, chlorine, fluorine, and 
iodine; and X and Y are each independently selected from the 
group consisting of hydrogen, bromine, chlorine, fluorine, 



iodine^ amino, and hydroxyl . The process results in che 
production of a stereochemical isomer of the dioxolane 
nucleoside analog or derivative thereof. 



In another embodiment, the process comprises 

stereoselectively preparing a dioxolane nucleoside analog by 
separating P and a anomers from an anomeric mixture 
represented by formula A or formula B according to one of 
the above embodiments and further comprices 
stereoselectively replacing the R group with a moiety 
selected from the group consisting of: 




In another ernbodiment of the present invention, the process 
comprises making a dioxolane nucleoside analog by separating 
a compound according to formula A or formula B. According 
to this embodiment, the process includes stereoselectively 
replacing the R group with a purinyl or pyrimidinyl moiety 
or* derivative thereof by acylating the second mixture to 
produce an acylated second mixture. This embodiment also 
includes the step of glycosylating the acetylated second 
mixture with a purine or pyrimidine base or derivative 
thereof and a Lewis Acid to produce the dioxolane nucleoside 
analog. 



DETAIIigP DESCRIPTION OF THE I»VENTION 



The present invention involves a high yield process of 
separating P and a anomers from an anomeric mixture of 
dioxolane nucleoside analogue precursors which provides 
higher yield and greater- efficiency. In one ettCbodiment , 
this method is used in the production of dioxolane 
nucleoside analogs having a high degree of steric purity at 
lower cost. Additionally, another aspect of the present 
invention involves synthesizing starting jaaterial haying a 
higher degree of anomeric purity. 

The present invention provides a process of preparing 
dioxolane nucleoside analogues having a predominant p-L- 
conf iguration using stereoselective enzymes, namely 
hydrolases. The procedure improves overall yield and has 
relatively few steps which improves overall efficiency. The 
process involves the following steps. 

A mixture-^ of' anomers ^rftpresen'ted«gby*^formu»La A or formula B 
is obteained^'^ 

In the above formula, W ia benzyl or benzoyl, and is 
selected from the group consisting of H, C-^.^ alkyl and Cg.^s 
aryl. The mixture is hydrolyzed with an enzyme selected 
from the group consisting of cholesterol esterase, ESL-OOl- 
02, horse liver esterase, bovine pancreatic protease, a- 
chymotrypsin, protease from streptomyces caeopitosis, 
substilisin from bacillus lichenif ormis, protease from 



n. 



aspergiliuB oryzae, proteinase from bacillus lichenif ormis, 
subtilisin from bacillus liciienif ormis , protease from 
streptomycea griseus^ acylase from aspergillus melletus, 
proteinase from bacillus subtilis, diversa clonezyme #5, 
pronae from streptomyces, lipase from rhizopus arrhizus^ 
lipoprotien lipase from pseudomonas sp. type B, bacterial 
protienase, lipase from pseudomonas cepacia and bacterial 
protienase. The hydrolyzing etep stereoselectively 
hydrolyzes the a-anomer of the mixture of either formula A 
or formula B* The result is an unhydrolyzed P-anomer. The 
a-anomer can be separated easily from the ^-anomer. if an 
anomeric mixture of the compound of fozrmula A is selected, 
the result is the production of the compound of formula C 
and formula D: 




If an anomeric mixture of the compound of formula B is 
selected, the result is the production of the compound of 
formula E and formula F: 




The mixture is then acylated to replace the group with an 
acyl moiety. Then, the mixture is glycosylated with a 
purine or pyrimidine base or derivative thereof and a Lewie 
Acid. The final step produces a dioxolane nucleoside 
analogue in the P-L configuration. 
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At the outset, the following definitions have been provided 
as reference. Except as specifically stated otherwise, the 
definitions below shall determine the meaning throughout the 
specification. 

"Nucleoside" is defined as any compound which- consie^t'S of a 
purine or pyrimidine base, linked to a pentose*^>suga»r-i 

"Dioxolane nucleoside analogue" is defined as any compounds 
containing a dioxolane ring as defined hereinafter linked to 
a purine or pyrimidine base or derivative thereof. A 
"dioxolane ring" is any substituted or unsubstitutied five 
member monocyclic ring that has an oxygen in the 1 and 3 
positions of the ring as illustrated below: 



" Purine-^omp>^mi^dinejM^ase is 'de^§ined^ae#i(th^^nat-ii»Eally 
occurring ^urixxe ^or^; pyrimidine-^aees- adeiw*new guan^nev^ 
cytosine, thymine-^and uracil . A^purine or^*py-rimidine that is 
a moiety is a puriinyl or pyrimidinyl, resp^ecfeively . 

"Alkyi, is defined as a substituted or unsubstituted, 
saturated or unsaturated, straight chain, branched chain or 
carbocyclic moiety, wherein the straight chain, branched 
chain or carbocyclic moiety can be optionally interrupted by 
one or more heteroatoms (such as oxygen, nitrogen or 
sulfur) , A substituted alkyl is substituted with a 
halogen (P, CI, Br, I), hydroxyl, amino or Cg.ac aryl . 
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OioxolaneMi 
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"Aryl, is defined as a carbocyclic moiety which can be 
optionally subacicuted or interrupted by one heteroacom 

(such as oxygen, nitrogen or sulfur) and containing at least 
one benzenoid-type ring (such as phenyl and naphthyl) ♦ 

"Carbocyclic moiety" is defined as a substituted or 
unsubstituted, saturated or unsaturated, Cj.g cycloalkyl 
wherein a substituted cycloalkyl is substituted with a C^.j 
alkyl, halogen {i.e. F. Cl, Br, I), amine or NOj , 

A "derivative" of a purine or pyrimidine base refers to one 
of the following structures; 




P^rin* Pyrimidine 



wherein one ore more of the pyrimidine H are substituted 
with subetituents that are known in the art. Substitutents 
bound, to the ring members by a single bond include but are 
not limited to halogen such as F, CI, Br, I; an akyl such as 
lower akyls; aryl; cyanc carbamoyl; amino including primary, 
secondary and tertiary amino; and hydroxyl groups. 
Subetituents bound to the carbon ring atoms by a double bond 
include but are not limited to a ««0 to form a carbonyl 
moiety in the ring. It is understood that when the ring is 
aromatic, some of the substitutions may form tautomers. The 
definition shall include such tautomers. 

"Stereoselective enzymes" are defined as enzymes which 
participate as catalysts in a reaction that selectively 
yields one specific stereoisomer over other stereoisomers. 



"Steric purity" is defined as the amour^t of a particular 
stereoisomer of a compound divided by rhe total amount of 
all stereoieomers of that compound present in the mixture 
multiplied by 100%, 

"Anomem-c- purity^'' is de-feLned*^ asii*ithe amount of- a particular 
anomer of a comppund divided by the total amount of>f.all 
anomers of that compound present in the mixfe'are mu^btiplied 
by 100%. 

"Diastereomeric purity" is defined as amount of a particular 
diastereomer of a compound divided by the total amount of 
all diastereomers of that compound present in the mixture 
multiplied by 100%. 

"Alkoxy" is defined as an alkyl group, wherein the alkyl 
group is covalently bonded to an adjacent element through an 
oxygen atom (auch as methoxy and ethoxy) . 

"Alkoxyeaa?l^oia^^,"^ is^^e^nedF^asiiansalkpxa^ to 
the'^^adgia.aencsfe gijpupjiLofi^^ 

ac^di^.a^^al^^^mp€^^ ^h3i^^3m'^<^M^^W^'^^ al-kyl ) or 

unsubstituted*t^by%repM<£emeHt^of#the**!rr:OH^^ Like the 

acid -tcjfe>fhi*,cih«idti^ 

aiipha^fekc or^^^aroma-tedc, subsbitui^ed^ (by halogen,, C^.^ 
alkoxyalkyl, nitre or O^) or unsubstituted, and whatever the 
structure of the rest of the molecule may be, the properties 
of the functional group remain essentially the same (such as 
acetyl , propionyl , isobutancyl , pivaloyl , hexanoyl , 
trif luoroacetyl, chlcroacetyl and cyclohexanoyl) . 

"Alkoxyalkyl" is defined as an alkoxy group attached to the 
adjacent group by an alkyl group (such as methoxymethyl) . 
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"Acyloxy" is defined as an acyl group attached to the 
adjacent group by an oxygen atom. 

Ab noted above, one embodiment of the present invention is a 
process for separating P and a anomers from an anomeric 
mixture represented by the following formula A or formula B: 



wherein W is benzyl or benzoyl and is selected from the 
group consisting of Cj., alkyl and C^.^s aryl. 

In one embodiment, the process stereoselectively hydrolyses 
predominantly the a-anomer to form a product where of 
formula A and formula B is replaced with H, The P-anomer 
remains substantially unhydrolyaed . The process also 
comprises separating the hydrolyzed product from 
unhydrolyzed starting material. 

The process of making a P-L dioxclane nucleoside analog 
begins with the preparation of starting materials. Scheme 1 
depicts the manufacture of a mixture that includes formula A 
or B, 




(A) 



(B) 



1 C 



Scheme 1 



WO 




o— ^ 
Formula I B 



TsOH* HzO 



WO. 




Formula 1C 



OR, 



Fonmjla 1 A 



WDi 




O — ^ 
Formula 1D 



OR, 



An oxyacet aldehyde represented by formula lA (wherein W is 
benzyl or benzoyl) ia reacted with 1, 3-Dioxolane-4- 
Carboxylic acid-2 , 2-dimethyl -methyl ester (formula IB) in 
approximately equimolar proportions. The dioxolane of 
formula IB has a chiral center at the C4 carbon. The 
reaction occurs in & toluene solvent. The mixture his heated 
to Sb'^C. The catalyet, TsOH^H^O, ie add^^.^^. The mixture is 
heated to a temp^e^r^ature betw,een«wi64?-;67°ei A vaeuum hL& 
applied^ at^^-VO kEa^v^- and^the^reacM^on -p -fcsr- 40 minutes . 

Traces ^cf- soQ^enfeare-^then. remQv;ed^ The 
catalyst his^ remov^ed by f iltrat-ionspusingi^a 1 : 1 ratio of 
Hexane :.EtQftCMs^anfs-eluenJ^-.^ In::nipne ^embodiment , the^^^pref erred 
filter is a silica gel pad. The resuiting- product is a 
crude oil . cont^a^ning^.^a ^mixtuic^^of theiteompoundBi».of formula 
IC and ID wherern the raMo-ia -2 :a of aC: ID v respectively. 

It can be appreciated by a person of skill in the art that 
the reaction conditions can be adjusted to optimize the 
purity of the stereoisomers. In one embodiment of the 
present invention, the reaction of the compound of formixla 
lA with the compound of formula IB is done in the presence 
of catalyst in an amount between about 2,5 wt% and cQjout 5,5 
wt% of the srarting materials. In yet another embodiment i 
the amount of catalyst is between about 3,0 wt% and about 



5.0 wt%. In etill another emfcodiTTient: , the amotixLt cf 
catalyst is between about 3.5%. and about 5.5%. 

In an embodiment of the present invention, the reaction of 
the compound of formula lA with the compound of formula IB 
is done at a temperature ranging from about 40'C to about 
80^C. In another embodiment of the present invention, the 
temperature ranges from about so^C to about TS^C, In still 
another embodiment, the temperature ranges from about 60^C 
to about 70*C. In an additional embodiment, the temperature 
ranges from about 65**C to about 79*^0. 

In an embodiment of the present invention, the reaction time 
between the compound of formula lA and the compound of 
formula IB corresponds to a period ranging from about 3 0 
minutes to about 2 hours. In yet another embodiment, the 
period ranges from about 30 minutes to aboutl hour. In 
still another embodiment, the period ranges from about 30 
minutes to about 50 minutes* 

It will be appreciated by a person of ordinary skill in the 
art that the C4 carbon is chiral . Because this carbon is 
not involved in the reaction, the chirality is preserved at 
that carbon. A starting material can be selected to have a 
(4S) or (4R} stereochemistry. It is important to know that 
the above reaction favors one configuration. 

According to one embodiment, it is preferable that the 
resulting product represented by formula IC and ID represent 
an anomeric mixture having a high anomeric purity of a 
mixture of only two anomers. To achieve such a result, the 
starting material represented by formula IB is selected to 
have a single stereoisomer at the 4 carbon. By way of 
example and not by limitation, the starting material 
represented in Scheme 1 by formula IB has 4S configuration 
as shown below in the following formula IB (4S) : 




o 




iB(4S) 



The reaC;tion proceedsi according^ to the principlea^ described 
above. The resulting product- will have*^^aix anomericT^purity ■ 
of the^p-L anomexr ever- the a-L anomer- of greater than 5 5^%*?^"^ 
preferably 6 0% and more - preferably 65%, 

According to another embodiment, it is preferable to have a 
product with higher anomeric purity of the a-D-anomer over 
the p-D-anomer. The starting material represented in Scheme 
1 by formula IB has 4S configuration as shown below in the 
following formula 1B(4S) 




The re ac t i on^pipc eeds^accprding^Sioi^^the^^ 

above -^^^ The*i*^re6u:l«t54ngitPr^®^^^t^^ anomemc-^purity 
of the a-D-anomer greater- than^B 5% , pref erablyr 60%^and ojore 
pre f erablyi 6 5 * . 

According co one embodiment, the present invention is a 
method of separating P-anoroers frotr. a-anomers according to 
the following Scheme 2 : 



separated a-anomer and/or the p-anonier is greater than 95%, 
In another embodiment, the anomeric purity of the respective 
separated a-anomer and/cr the P-anoraer is greater than 98%. 

In another embodiment, the procedure of Schem 2 is followed 
except the anomeric mixture represented by formula 2A and 2B 
is replaced with an aiaomeric mixture represented by formula 
2D and 2E, respectively. 




Formuia 2D FonnuU 2E 



According to this embodiment che a-anomer represented by 
formula 2E is hydrolyzed. The result is the separation of 
the hydrolyzed a-anomer represented by formula 2E from the 
unhydrolyzed P-anottier represented by formula 2D, 

In another embodiment, the procedure of Scheme 2 is followed 
except a mixture represented by formula 2A and 2B is 
replaced with a mixture of four stereoisomers represented by 
formula 2F. 

O 

OR, 
Fonnula 2F 

According to this embodiment, the a-anomer containing both D 
and L enantiomers is hydrolyzed. The result is the 
separation of the hydrolyzed a-anomer containing both D and 
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The enzyme is selected from the group consisting of 
cholesterol esterase, ESL-OOl-02, horse liver esterase, 
bovine pancreatic protease, a-chymotrypsin, protease from 
streptomyces caeopitosis, subetilisin from bacillus 
lichenif ormis^ protease from aspergillus oryzae, proteinase 
from baciliua licheniformie, subtilisin from bacillus 
licheniformis, protease from streptomyces griseus, acylase 
from aspergillus melletus, proteinase**from . bacillus 
subtilis, diveraa clonezym6^#5r pronase-£rom streptomyces, 
lipase from rhizopus arrhizus, lipoprotien lipase from 
pseudomonas sp, type B, bacterial protienase, lipase from 
pseudomonas cepacia and bacterial protienase. 

The commercial sources of the enzymes are readily available 
to a person of ordinary skill in the art. Particularly, 
some of the materials can be obtained from the following 
sources: Bovine bacterial protienase was purchased from 
Genzyme (Cambridge, MA); ESL-001-02 f rem Diversa Corp. (San 
Diego, CA) ; Horse liver eeterase, subtilisin and Bacillus 
licheniformi'S from-'Fluka Chemie (Oakw-dlle^^ON^l^ Bovine 
pancreas type 1, a-chymGtrypsxn*and streptomyces caeopitosis 
from ^Sigma^-Aldri-ch (OaJcyille>4i, ON0«r. 

In another embodiment, the'-enz^yme- is Belected-f rom^the group 
consisting of protease from-«aspergillus oryzae^ proteinase 
from bacillus licheniformis, subtilisin from ^Bacillus 
licheniformis, . protease*f rom^ streptomyces griseusviu acylase 
from aspergillus melletua, proteinase from bacillus 
subtiliS/ diversa clonezymes #5, pronase from streptomyces, 
lipase from Rhizopus arrhizus, lipoprotien lipase from 
pseudomonas sp. type B, bacterial protienase/ lipase from 
pseudomonas cepacia. The selection of one of these enzymes 
is preferred according to this embodiment when the 
oxyacetaldehyde represented by the compound of formula lA in 
Scheme 1 is selected to be benzoyloxyacetaldehyde . 



According to another embodiment of the invention, the 
oxy&cetaldehyde repx-esented by the compound of formula lA is 
benzoyloxyacetaldehyde. According to this embodiment, the 
enzyme is selected from the group consisting of aspergillua 
oryzae, ' proteinase from bacillus lichenif ormis, aubtilisin 
from Bacillus lichenifcrmis, protease from streptomyces 
griseusy pronase from streptomyces, and lipase fi-orn rhizopus 
arrhizuB. In yet another embodiment, the enzyme is selected 
from the group consisting of aspergillus cryzae and 
proteinase from bacillus lichenif ormis . 

In yet another embodiment, the enzyme is selected from the 
group consisting of cholesterol esterase, ESL-001-02, borse 
liver esterase, bovine pancreatic protease, a-chymotrypsin, 
protease from streptomyces caeopitosis and substlliain from 
bacill us lichenifcrmis , The selection of one of these 
ensymes is preferred according to this embodiment when the 
oxyacec aldehyde represented by the compound of formula lA is 
benzyl oxyacetaldehyde . 

The stereoepecif ic enzyme selected is then added to begin 
the hydrolysis reaction. The enzymatic reaction hydr-olyzes 
primarily the a-anomer by replacing the R group of tbe a- 
ancmer of the compoLUid of formula 2B with H to form the 
compound of formula 2C. The amount of the enzyme added can 
be determined according to principals known by any person of 
ordinary skill in the art. According to another embodiment, 
about: 50 ml was added to begin the reaction. The rate and 
degree of hydrolysis was monitored by a pH-sftat according to 
principles known in the art. As the compound of formula 2& 
±B hydrolyzed, the pH of the mixture decreases. Thus, the 
pH corresponds to the completeness of the reaction. 



If the reaction time is allowed to proceed longer than the 
optimal reaction time, the p-anomex may be converted 
resulting in lower anomexic purity of the final product. If 
the reaction time is too short, less than optimal amount of 
the a-anomer is converted resulting in a lower anomeric 
p-ufity of the remaining .unhydrolyzed reactant . According to 
one embodiment, the reaction is allowed- to proceed until 43V 
completion. This occurs when the pH is 5 . Accord-i*ng to 
this embodiment, there is a higher* stereospecific purity of 
the converted products (i.e. the compound of formula 2C) - 
However, it will be appreciated by a person of ordinary 
skill in the art that rhe exact degree of completion may 
change depending upon the reactamt used, the enzyme used and 
other principles known to a person of ordinary skill in the 
art . 

As noted, the ester starting material is separated from the 
hydrolyzed acid product when the desired endpoint is 
reached. Accoxding to one embodiment, the endpoint occurs 
at^ta pHf^pfi.app3SOXd!ma.tee^ 5.4 Th^eeter«rstaKting^mat©xial ia 
extrac'teds^^f rem theitaqsJteaus^^soLutfion^^ acetate (for 

exanip^>ii^3 x .20^.mWz^ TheiSipHiM3^;pil««»eoaaitioii^^4s - 
ad j u s teed Oi:^pHg*2 . ' Theiip|iydBei^y^z e^^^p^^^ Ss»ext r act ed wi th 

ethyls aceta^e*^^i( f c?ri*^exarnpl;e,,^.3 x 20 *mH . Thfeis^eactamts and 
the prodUGt-s areHdr^Led with MgsOK'- fiitered"^^and-.*Goneent rated 
in vacuo* Because»-ofv the^en2yme.*«sei^ectivity , the anomeric 

pur i- 1 y o f t he#?*hy dr o 1 y z e d?^and^s epa-r at ed -.a - a nomervtei s * 
considerable. Furthermore, the anomeric purity of the 
unhydrolyzed and separated a-anomer ie also considerable - 
In one embodiment, the anomeric purity of the respective 
separated a-anomer and/or the p-anomer is greater than 80%. 
In another embodiment, the anomeric purity of the respective 
separated a-anomer and/or the p-anomer is greater than 90%. 
In another embodiment, the anomeric purity of the respective 




Scheme 2 



Fonnula 2A 
P«rmuUi2A Fonnula2B 
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2) Extraction at pHS O II 

If 3) Extraction at pH 2 - f /'^OH 

^ ( Formula 2C 



Formula 2C 



Formula 2A 



Accoarding to one embodiment, a mixture of anomers is 
obtained as represented by formula 2A or formula 2B. A 
mixture represented by formula 2A or formula 2B can be 
obtained according to the reaction described above or 
according to any method known in the art. 

The reaction is prepared as follows: A portion of the 
material represented by formula 2A and formula 2S is weighed 
into a reaction vessel. For every 0,001 mmol of the mixture 
of formula 2A and formula 2B added to the reaction vessel, 
between 10 ml and 13 ml of a 5 mmoi solution of BES buffer 
is added • Preferably, between 11 ml and 19 ml, and most 
preferably 11.5 ml, of a 5 mmol solution of a BES buffer ie 
added for each mmol of compound. The pH of the buffer should 
be between 7.0 and 7.5 and preferably 7.2. 



L. enantiomera from the unhydrolyzed p-anomer containing both 
D and L enantiomers , 

After hydrolysis and purification, che selected purified 
anoraer can be linked with a purine or pyrimidine base or 
derivative. There are several examples known by skilled 
artisan on how to link a purine or pyrimidine base or 
derivative to the dioxolane ring.j For example, PCT Publ,. 
No. WO/97/21706 by Mansour et al. describes one method of 
stereoselectively attaching the purine^or pyrimidine base'to 
a dioxolane ring, WO/97/21706 is incorporated herein fully 
by reference. 

According to the process disclosed in WO/97/21706 the 
starting material is an acylated dioxolane ring, Acylation 
can be performed according to the principles of the present 
invention. Acylation, destroys the stereochemistry of the 
C2 carbon while preserving the stereochemistry of the C4 
carbon. Therefore, if it is desirable to have a final end 
product with specific stereochetaia try on theTC2 carbon, the 
procedure subsequjsnt tov thesr*aG^lation step^must 
scereoseleotiyel-y produce tprpduct . having : a -particular 
stereochemi«Btry-*-ac. the G^^^ The procedure disclosed 

in wo/97/21706 accomplishes^hi^s^tjobj^ctive . 

As noted, the - acylation -step 'occurs after the -hydrolysis 
step. A compound having^ the?* desired stereochemistry on the 
C2 carbon is selected. For each mmol of compound that ie 
processed, it is dissolved in between about 2.5 and about 
4,0 ml of acetonitriie. In another eTnbodiment , between 
about 3,0 and about 3 . 5 ml of acetonitriie was added for 
each mmol of compound. In yet another embodiment, between 
about 3.3 and about 3.4 ml of acetonitriie was added for 
each mmol of compound. 



For each mmol of compound, between about 0.08 and about 0.12 



about 0.09 and about 0,11 ml of pyridine was added for each 
mole of compound. In yet another embodiment, approximately 
0.1 ml of pyridine was added for each mmol of compound. 

To this mixture, between 1.1 and 1.5 mrrvoles of Pb(OAcl^ was 
added for each mmol of compound. In another embodiment, 
between about 1.2 mmoles and about 1.4 mmoles of Pb(0Ac)4 is 
added for each mmol of compound. In yat another embodiment, 
about 1.3 mmoles of Pb{OAc>» ia added for each tmaol of 
compound . 

Thereafter, the mixture was stirred for 18 hours at room 
temperature. Then, the mixture was poured into a saturated 
solution of NaHCO,. Between approximately 2.0 and 3,0 ml of 
NaHCOj were used for each mmol of compound. In one 
embodiment, between about 2.5 ml and about 2.7 ml, and more 
preferably about 2-6 ml of NaHCO, was used for each mmol of 
compound. The solution was then stirred for an additional 
3 0 minutes. The organic layer was separated from the 
aqueous layer by four extractions of ethyl acetate. 
Extracts were combined, dried on eoihydrous Na^SO* and 
evaporated under a vacuum. Optionally, the crude can be 
further purified by chromatography on silica gel using a 
gradient of 0-15* Ethyl acetate in hexane. 

In one embodiment of the present invention, the acylation 
step is followed by glycosylation . The glycosylation is 
represented by the following Scheme 3 . 



ml of pyridine was added. 



In another embodiment, between 





sllane 
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Foimula 3A 



Formula 3B 
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Hydrolysis 
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Formula^SC 
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The first step in the glycosylation procedure ifi to obtain a 
compound with the desired stereoepecif icicy at the C2 
carbon. According to one embodiment, a compoiind having an S 
ecereochemistiry' at the C2 carbon, as represented by the 
compound of formula 3A is preferred. The result is that a 
higher ratio of the ^-anomer is in the product 3C. 
According to another embodiment, coirpound having an R 
stereochemistry at the C2 carbon is preferred. The result 
ie a product that has a higher ratio of the a-anomer in the 
f i nal . pr-odu^ ^ 

ThemcompopTi^-i^cf^ drmyx^X^^^ A#i Sj^r e aeted^w it-hj^^a -ts i*3*ane-^c otnpound 
to produeejis*th!eiM?^:rf^pP4indiiQ>fi^^ Inli0ne««eTiib0diment , 

theJ4siiane*>icompojajadiiiiS;Modo In^^^anofrher 
embodimentifft t:heN^si^lianeM^Gompo,und#is.^di«i*1o^^^ Important 
to the reaotionraSi^ that it. occurs ^at low^teinperatureB , 
Ac cording^ 0|.ipnejji*;embO'dd!-inenE^,^ theifrt.emp^i|a*feivir!e**ds preferably 
78% prior to glycosylation with silylated pyrimidine or 
purine base cr derivative chereof . 

The iodo intermediate represented by formula 3B is then 
dissolved in dichlorome thane and is cooled down to -78° C. 
A purine or pyrimidine base ±3 then selected. According to 
one embodiment, the purine or pyrimidine base or derivative 
thereof is selected from the following group: 




NHR, 



O Y O 




wherein 



is selected from the group coneisting of hydrogen, C,,g 
alkyl, C.6 acyl and R^CiO) wherein R5 is hydrogen or C^^^ 



R3 and are each independently selected from the group 
consisting of hydrogen, C^.^ alkyl, bromine, chlorine, 
fluorine, and iodine; and 

X and y are each independently selected from the group 
consisting of hydrogen, bromine, chlorine, fluorine, iodine, 
amino, and hydroxyl . 

in another embodiment of the invention, the purine or 
pyrimidine base or derivative thereof is selected from the 
group consisting of: 



The purine or pyrimidine or derivative thereof is pereylated 
by a silating agent and ammonium sulphate followed by 
evaporation of HMDS to form a persylated purine or 
pyrimidine base or derivative thereof herein referred to as 
the persylated base and designated as P in Scheme 3 . 
According to one embodiment, the sylating agent is Selected 
from the group consisting of 1,1,1,3,3,3- 
hexamethyldisilazane, trimethylsilyl triflate, t- 



alkyl; 





butyldimethylsilyl triflate or trimethyljsilyl chloride. In 
one embcdiment , the sylat Ing agent is 1,1,1,3,3,3,- 
hexamethyldisilazane. 



The persylated base P was dissolved in 30 ml of 
dichloromethane and was added to the iodo intermediate 
repas.esentedvby*^fo3^mul^a. 3Bi^^^ Thi^reaetion -^mi-xture- wasib. , 
maintained-at -TS^C for 1.5 hours then poured^ onto- aqueous 
sodium bicarbonate and extracted- with diGhas'or©m©feha>ne«*^{2x25 ■ 
ml) . The organic phase was dried-* over sodium sulphate to 
obtain the compound of formula 3C. As used in Scheme 3, the 
B represents a moiety of the purine or pyrimidine base or 
derivative thereof which was persylated in che above step to 
form P. The compound of formula 3C was removed by 
filtration and the solvent was evaporated in-v^cuQ to 
produce a crude mixture. The product represented by formula 
3C has predominantly a S stereochemistry on the C4 carbon 
with an anomeric purity of 80%. When the starting material 
is a compound represented by formula 3A, the product forms 
pr edomi^nanfe^'yt^t he^g -^lb-.enan't?i©mefls*irhav/i^^ i t y 

of fiO% . 

Next , the ' compjEgi'n.d¥^o£*^ f Q35mu<La>r3<3t^is**hy4*x^^^^^^ 
the^compo^nd^l© fe^f ormui^fiiQ D^^^^^^^^ 

disBol^ving-^a *GompQund#rcprfesenfeedfc^by4tf c>r in^^StOH and 

then adding- cye^ohexenBi^and^ p^u^^ Thfe^reaction 
mixt ur eiifi s^re^d!)(iixedv f or^^^^^^ hou-rrSi?!* 1 1 ^ 4 Smc henii^o©^led^»^and 
filtered to remove solids. The solvents are removed from 
the filtrate by vacuum distillation- The product 
represented by formula 3D is purified by flash 
chromatography on silica-gel (5% MEOH in EtOAc) , 



1. sngvme r ««-*? Y'"*^ hvdrotYtle yeaoj-ution ef thg 
dioxQlan^ met.tavl eater. 



:ss=- 



A 2:1 {p:a) anomeric mixture of (2- (S) -benzyloxytnethyl) -4- 
carboxylic acid-1, 3-dioxolane methyl ester) {136.5 mg, 
0.541tnmol> was weighed into a reaction vessel and BES 
buffer(6,263 ml of a 5 mM solution, pH 7.2) was added. The 
substrate remained as insoluble droplets. a-Chymotrypain 
(500 ml, 0.019 units by PNPA assay) was added to begin the 
reaction and the rate and degree of hydrolysis was monitored 
by a pH-stat which maintained the pH at 5 by automatic 
titration with 0.0981 NAOH. The reaction was terminated at 
43^ conversion for high anomeric purity as determined by 
Sih»s equations for recycling, by extracting the remaining 
starting material ester with ethyl acetate {3x20mL) . The 
aqueous layer was adjusted to pK 2 and the product acid 
extracted with ethyl acetate (3x20110.} - 



Both extracts were dried with MgSO^, filtered and 
concentrated in- vacuo- By this method, we obtained the (2- 
(S) -benzyloxymethyl) -4- (S) -carboxylic acid- i, 3- 
^ diaxolanemethyl ester) . 



ig-r^ptpl« Parity fs-F p^tomnf»r bv MMR, 

Analysis was performed on a Varian Gemini 200 MHz NMR 
spectrometer in CDClj. The a -ester shows a triplec at d 
5,33 C3j = 4.6 Hz) and the p-ester shews a triplet upfield 
at d 5. 23 (3 J » 4, 6 Hz) . The p-acid shows a triplet at d 
5.33 (3J -=3.6 Hz), while the p-acid shows a broad singlet 
upfield at d 5.19. We did not observe any epimerization of 
the Slabs trace or product acid during worlt-up. The purity of 
the P-anomer is determined by Sih'a equation to have 98% 
anomeric purity. 
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Bxample 3: Purity of the a-Anomer, 

The product acid is obtained from example 2 after it was 
dried with MgSO^, filtered and concentrated In-vacuo. It is 
analyzed for purity by NMR. The purity is calculated by 
Sih * s equation . Tht^a-anomer- is ' i6o%aterd**v?i#h'* high«steric 
purity. 

Example 4s Enzvttatie Resolution of B-anomer wit h ProteaAPi - 
froffl ftffpfirqilluB oryzae. 

The procedure of Examples 1-2 were followed using protease 
from Aspergillus oryzae as the enzyme to separate a 2:1 
O i^iCL) anomeric mixture of (2- (S) -benzoyloxymethyl) -4- 

:7 carboxylicacid-1, 3-dioxolane methyl ester). The result is a 

i~ 

\Q p-anomer that has high diastereomeric purity. 

%.| 

! 

(ft ExaiopXe 5 r Enjsvmal^c^Regolufcion^o f ^g^anomeru^ 

111 

U The produca^ acid, is-obt^aiiiediif r^mM^^Es^mpI^^ *af:ter^ it is 

:Q dried with^MgSO;^^. f i^lte>i5ed'^.andwiconeen^rated-^ij3-4V3^^^ The 

a-anomer is isolated with high^'^sfeeric purity. 

Example ; Brizvma tlc Reaolutioniitcf Q^anomer^^ 
from aacillufl Lichenifonnis, 

The procedure of Examples 1-2 were followed using proteinase 
from bacillus licheniformis as the enzyme to separate a 2:1 
(Pra) anomeric mixture of C2- (S) -benzoyloxymethyl) '4- 
carboxylicacid-l,3-dioxalane methyl ester) . The result is a 
p-anomer that has high diastereomeric purity. 



m 



Bxample 7; Rnzvmatic Reaolution of a-apomQr with ProtelnaBe 
from Baelllua LieheniformiB , 

The product acid is obtained from Example G after it is 
dried with MgSO^/ filtered and concentrated in-vacuo. The 

a-anomer is isolated with high steric purity. 

Bxampl^i 8g Kazymatic Regolution of S-anomer with Subtilisin 
from Baelllua Lichenif oranis . 

The procedure of Examples 1-2 were followed using subtilisin 
from bacillus lichenif ormis as the enzyme to separate a 2;1 
(P:a) anomeric mixture of (2 - (S) -benzoyloxymethyl) -4- 
carboxylic acid-1, -ddoxolane methyl ester). The result is 
a P-anomer that has high diastereomeric purity. 

Example 9: Enzymatic Resolution of a-anomer with Sutotlliain 
from Bacillus Iiichenif ormia . 

The product acid is obtained from Example 8 after it is 
dried with MgSO^, filtered and concentrated zn-vacuo. The 

a-anomer is isolated with high steric purity. 

Example 10: Enzymatic Resolution of B-anomer with Protease 
from Streptomvces Griseus . 

The procedure of Exainples 1-2 were followed using protease 
from streptomyces griseus as the enzyme to separate a 2:1 
(p:a) anomeric mixture of (2- (S> -benzoyloxymethyl) -4- 
carboxylic acid-1, 3 -dioxolane methyl ester) . The result is 
a p-anomer that has high diastereomeric purity. 




Example 11; Enzymatic Reaol^ution of a-anoner with Protea^^ 
from StreptOtttyrcea Grifieua, 

The product acid is obtained from Example 10 after it is 
dri^'ed with MgSO^, filtered and concentrated *in- vacuo ^ The 

a-^anomer -is ieolated with' high.vstei^ic purity . 

Example 12 1 Enzymatic Resolutionwof B-anomer with AcvlaBe 
from Aaperaillufl Melletue. 

The procedure of Exainplee 1-2 were followed using acylase 
from aspergillus melletus as the enzyme to separate a 2:1 
{P:a) anoTueric mixture of (2- (5) -benzoyloxymethyl) -4- 
carboxylic acid-l, 3-dioxolane methyl ester) - The result is 
a P-anomer . that has high diastereomeric purity, 

ExampiLe. 13 g Enavmatlecl^eBolution^c^ ^a^anomer^ 
from^AflPegcrd!*l.liite.iiMigfl^^ 

The p::^pdu<zt^,^-ac4^m^ is 
dried wi«fch -MgS.QgS f i^lt6.r,edis«and*fGOnGent^ratedi#in The 

a - anomer i e -^i so3.^& ted^^wi^t h^^highfis ter*^^^ 

Example a4.t.^ Enzymitt^a^c. Reaol^at^en*^.o£>. a ^anQm cl^^^^ 
frcam Bacillus Subtilifl, 

The procedure of Exanrples 1-2 were followed using proteinase 
from bacillus subtilis as the enzyrrie to separate a 2:1 {p:a) 
anomeric mixture of {2- (S) -benzcyloxymethyl) -4- 
carboxylicacid-l , 3 -dioxolane methyl ester). The result is a 
p-anomer that has high diastereomeric purity. 
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l^ai^pl e 15 1 Enzymatic ResolutioTi of g-anomoy wlt^ Profcelnaft^ 
from BacllluB Subtllia> 

The product acid i© obtained from Exattjple 14 after it is 
dried with MgSO^, filtered and concentrated in-vacuo. The 
a-anomer is isolated with high steric purity. 

Exeurtple 16; BnzvmatiG Resolution of p-flrtnTw er- with Diversa 
Clonczvmea #5. 

The procedure of Examples 1-2 were followed using di versa 
clonezyraes #5 ae the enzyme to separate a 2:1 (P:a) anomeric 
mixture 

of (2- <S) -ben2oyloxymethyl) -4-carboxylic acid-1,3- 
dioxolanemethyl egter) . The result is a ^-anomer that has 
high diastereoineric purity- 

Examole 17; Enzymatic Resolution of a-anomer with Diversa 
Clenezvpiea #5 , 

The product acid is obtained from Exainple 16 after it is 
dried with MgSO*, filtered and concentrated in -vacuo. The 

a-anomer is isolated with high ateric purity. 

Example 18 r gnzvinatic Resolution of S-anomer with Pronaae 
from Streptomvces , 

The procedure of Examples 1-2 were followed using pronase 
from streptomyces as the enzyme to separate a 2:1 (3:a) 
anomeric mixture of (2- (S) -benzoyl oxymethyl 3 -4-carboxylic 
acid-l, 3-dioxolane methyl ester). The result is a P-anortier 
that has high diastereomeric purity. 




E3ca2inp3 , e 13 s EnzYxnatic Resolution of a-anomer with Pronase 
from Strcptomveea > 

The product acid is obtained from Example 18 after it is 
dried^'^ith- MgSO^ , f il ter^d^^nd ^cohce^lo?aleA*anT Vaeil^ The > 

a-ancmer - is daolated with high eteric pu-r^itic^^^^ 

Bxantple 20; Enzvanatio Reaolutien of B-anomeg^winth Lipaaa 
from Rhigopua Arrhizua. 

The procedure of Examples 1-2 were followed using Lipase 
from rhizopua arrhizus as the enzyme to separate a 2:1 {P:a) 
anomeric mixture of (2- (S) -benzoyloxymethyl) -4- 
carboxylicacid-i, 3-dioxolane methyl ester) - The result is a 
P-anomer that has high diastereomeric purity. 

Example Sl^ti. Eiatevinatic rResolutifon^i^of^g^anomai^ 

The pEoduGtii.^a(sa<di^is;^obt»a^^^^ is 
dr i e d^^i t h^g^jij^,^ f i^t^i^edt^andisiGontpeia^ The 

a - anomea?^ 4 s, #i s©'l*at feed#Wi«t h ?hi*gh^fi teez;d c ^pu^^ity^ 

Example 22* EnTgymatie Reeolution^of S-anomer with 
Lxpoprotlen Iiipaae from PeeudomopiaB Sp^ Type B> 

The procedure of Examples 1-2 were followed using 
lipoprotien lipase from pseudomonas ep. type B as the enzyme 
to separate a 2:1 (P;a) anomeric mixture of (2-(S)- 
benzoyloxymethyl) -4-carboxylicacid-l, 3 -dioxolane methyl 





ester) . The result is a p-anomer that has high 
diastereomeric purity. 

Tg^flTwpi ^ 23: Enzymatic Reeolutlon of a-anoin *^i" 
Lipoprotien lir>aae from l>Beudoiaoiias flt>. Type B, 

The product acid ±b obtained from Example 22 after it is 
dried with MgSO^, filtered and concentrated in- vacuo. The 

a-anomer is isolated with high steric purity, 

Bxainple 24; Enzymatic Reaolution of B^anomer with Bacterial 
ProtienaBe« 

The procedure of Examples 1-2 were followed using bacterial 
protienaae as the enzyme to separate a 2:1 (p:a) anomeric 
mixture of (2- (S) -benzoyloxymethyl) -4-carboxylicacid- 1 , 3- 
dioxolane methyl ester) . The result is a P-anomer that has 
high diastereomeric purity. 

Examplt fc 2g? ET^ zvmatlc Resolution of a-anomer with Bacterial 
Protienaae - 

The product acid is obtained from Example 24 after it is 
dried with MgSO,^ filtered and concentrated ±n~vacuo. The 

a-anomer is isolated with high steric purity, 

■g'vi»f*rpi .e 2$; Enzvioatic Resolution of P-anomer with Iiipase 
from Peeudopionaa Cepacia. 

The procedure of Exatitples 1-2 were followed using lipase 
from pseudomonas cepacia as the enzyme to separate a 2 :1 
(p:a) anomeric mixture of (2- (S) -benzoyloxymethyl) -4 - 




carboacylic acid-1 , 3 -diaxolane methyl ester) . Tiie result ib 
A P-anomer that has high diastereomeric purity. 

Example 27; Enzymatic Resolution f ^f fi-an omer with Lipase 
^rom Peeudomonafl Cepacia, 

The product acid is obtained froiu^Exarnple 26 -af-fee^aF^?^ it is 
dried with MgSO^, filtered and concentrated in-vaeuof;' The - 

a-anomer is isolated with high-steric purity.- 

Example ^ft? T' ^aviriatlc Resoluticn of B-anomer yith Bacterial 
Proti enase , 

The procedure of Examples 1-2 were followed using bacterial 
protienase as the ensyme to separate a 2:1 (pra) anomeric 
mixture of (2- (S) -benzoyloxymethyl) -4-carboxylicacid-l , 3- 
diaxolane methyl ester) . The result is a p-ancmer that has 
high di5tstei?eome©iG^upL:t^y:i^ 

Exampleii.2 9.;^ Enzvmaticv ResoltLti^on*^^ ranomer wltft^Bae terial 
Protienaee, 

The product acid --^as obt^ad>ned#fr(^Tna»»Ei^TOpi^^^^ 23 -af tier** it is 
dried^.with^^Mg§©^,^f iltered^^and^ i:7'VAauo . The 

a-anome3%-:is isolated witlv high^ ets^riC'-^pmrity, 

HvflTinpi Q 30; Enzymatic Reeolution of p-anomer with 
CholgBterol Esterase , 

The procedure of Examples 1-2 were followed using 
cholesterol esterase as the enzyme to separate a 2:1 (P:a) 




anomer-ic mixture of (2- (S) -benzyloxymethyl ) -4 - 
carboxylicacid-1, 3-diaxolane methyl ester) . The result is 
P-anomer that has high diastereomeric purity. 

^ys^^r?* ^ 31; Enzvmatio Reeoliition of a-ancaaer with 
Choleaterol Eateraee. 

The product acid is obtained from Example 3 0 after it is 
dried with MgSO^, filtered and concentrated in-vacuQ. The 

a-anomer is isolated with high steric purity. 

Example 32: Enzymatic Reaolu tlon of p^a-nftt ner with ESL^OOl* 
02. 

The procedure of Examples 1-2 were followed using ESL- 001-0 
as the enzyme to separate a 2:1 (p:a) anomeric mixture of 
(2- (S) -benzyloxymethyl) -4-carboxylic acid-1, 3-dioxolane 
methyl ester) , The result is a p-anomer that has high 
diaatereomeric purity . 

Example 33; Enzymatic Resolution of a-anomer with ESIj-001- 



The product acid is obtained from Example 32 after it is 
dried with MgSO^, filtered and concentrated ixz-vacuo. The 

a-anomer is isolated with high steric purity. 

Example 34 s Enzvmatie Resolxition of p-? *w™ig»y with Horse 
Liver Esterase. 

The procedure of Examples 1-2 were followed using horse 
liver esterase as the enzyme to separate a 2:1 {p:a) 
anomeric mixture of (2- <S) -benzyloxymethyl) -4-carboxylic 



02, 




acid-1, 3-diaxolane mechyl ester). The result is a P-anomer 
that has high diastereomeric purity. 

Sxample 35: Enzvmatlc Re aoliition of a-anomer with Horae 
Liver BeterMft- 

The product acid is obtained^ from Example 34 -afters it is 
dried with MgSO^, filtered and concentrated in-vacuo^. The 
a-anomer is isolated with high steric purity. 

Bxample 36; Enzvmatie Reaol ution of B-anomer with Bovine 
Pancreatic Protease. 

The procedure of Examples i-2 were followed using bovine 
pancreatic protease as the enzyme to separate a 2:1 (P;a) 
anomeric mixture of (2- (S) -benzyloxymethyl ) -4- 
carboxylicacid-l,3-dioxolane methyl ester) . The result is a 
P-anpmer that has. high diastereomeric purity . 

Example 37 i Enzvmati e Reaolution of a^anoiner with Bovine 
Pancreatic -Proti^a^^^ 

The product acdd is pbcained from Exampslre 36 after it is 
dried with MgS04', filtered and: concentrated- in -vacuo-. The 
a-anomer is isolated with high steric purity. 

Exampla 36: Enzymatic R esolution of 6-aii fvn^T> p;r-^beaA^ f^r^ 
StreptomvciiB Caeopitoaifl. 

The procedure cf Examples 1-2 were followed using protease 
from streptomyces caeopitoais as the enzyme to separate a 
2:1 (&:a) anomeric mixture of (2- (S) -benzyloxymethyl ) -4 - 




carboxylic acid-l , 3 -dioxolane methyl ester). The result is 
a p-anomer that has high diaetereomeric purity. 

Rxazrrole 39; Enzvmatic Reeolution of g -aTiome r wilA Pr otease 
from StreptomYQ^^ CaeopitcsiB,. 

The product acid is obtained from Example 3 8 after it is 
dried with MgSO^, filtered and concentrated in-vacuo. The 

a-anomer is isolated with high steric purity. 

Example 40; Enzy wyat^le Heaoluticr P-ffTlfflT^'^ urnfh 
aubstiliain from Bacillus Lichen lformis . 

The procedure of Examples 1-2 were followed using 
substilisin from bacillus lichenif ormis as the enzyme to 
separate a 2:1 (Pra) ancmeric mixture of (2-(S)- 
benzyloxymethyl) -4 -carboxylic acid-1, 3-dioxolane 
methylester) . The result is a P-anomer that has high 
diastereomeric purity, 

ExaiDDlfe 41s Engvmatie ReBolutio n of a-anemsr with 
Subatilisin froa Bacillus Lieh enif ormis . 

The product acid is obtained from Example 40 after it is 
dried with MgSO^, filtered and concentrated In- vacuo. The 

a-anomer is isolated with high steric purity. 





BxaTOle 42a; Preparation of 2S-Berxzvloxvinet:hvl-4R-i.odo-l . 3 - 
H•^r^y^^=lr1 a and 2S-Bengvloxvm^t:hyl-4a-iodo-l, 3 -dioxolmne 
(CoTODOund . 



A mixture consisting of 2S-ben2yloxymethyl-4S acetoxy-1,3- 
dioxolane and 2S-ben2yloxymethyl-4R-acet:oxy-l. 3-dioxolane in 
1:2 ratio (6g; 23.8 mmol) was dried by azeotropic 
distillation with toluene in- vacuo. After removal of 
toluene, the residual oil was dissolved in dry 
dichloromethane (60 ml) sind iodotrimethylsilane (3.55 ml; 
1.05 eq.) wae added at -78*'C, under vigorous stirring* The 
dry- ice/acetone bath was removed after addition and the 
mixture^was^^^^^^ warm up-^to room^'^ temp era tu-re^-^ I5min.) , 

The-*produGjt^*wasir^s2S^be;n'Z4^^^ , 3 -diroxol ane and 

2 S - benzy4rGxyn\e*t5.h55aig4.S^ - 1 1^3 ^dd^oxol ane^>. 

Example i4 3 t Svntdjfesiyas^o&i p^LSM^BeMa^ 
acetyl - cvtldd^ng WcbinBoimd^ 




Compound^42A > 




Compound 43A 




The previously prepared iodo incermediace (Compo-and 4 2A) in 
dichloromethane. was cooled down to -78* C. Persylilated N- 
acetyl cytosine (1-1 eq) formed by reflux in 1,1,1,3,3,3- 
hexamethyl disilazane (HMDS) and ammonium sulphate followed 
by evaporation of HMDS was dissolved in 30 ml of 
dichloromethane and was added to the iodo intermediate. The 
reaction mixture was maintained at -78^C for 1.5 hours then 
poured onto aqueous sodium bicarbonate and extracted with 
dichloromethane (2x25mljl . The organic phase was dried over 
sodium sulphate, the solid was removed by filtration and the 
solvent was evaporated in-vacuo to produce 8.1 g of a crude 

mixture. P-li-4 ' 'benzyl-2 ' -deoxy-3 ' -oxacytidine and its a-L 
isomer were formed in a ratio of 5:1 respectively. This 
crude mixture was separated by chromatography on silica-gel 
(5% MEOH in BtOAc) to generate the pure p-L (cis) isomer 
C4.48 g) . Alternatively, recrystallization of the mixture 
from ethanol produces 4.92 g of pure P isomer and 3.18 g of 
a mixture of p and a- isomers in a ratio of 1:1, 
Eacample 44^ Synthesis of e-L-4-Beiizvloxv-2 ■ -deoxv- 3 ' - 
oxaevtld ine (Compound 44A> 




Compound 44A 



The protected P-L isomer {4.4 g) (Compound 43A) was 
suspended in saturated methanol ic ammonia (250 ml) and 
stirred at room temperature for iS hours in a closed vessel. 



The solvents were then removed Izi-vacuo to afford the 



deacetylated nucleoside in pure form. 



Example 45: Synthesia of p-|[j-2 ' -deoxv-3 ' -oxacvtidine 
(compoxinq 45A) 




Compound 45A 



P-L-4' -Ben2yl-2 ' -deoxy-3 ' -oxacytidirie (Compound 44A) was 
dissolved in EtOK (200 ml) followed by addition of 
cyclohexene (6 ml) and palladium oxide (0,8 g) - The 
reaction^ taioct%ries!?^iyas^-re£luxed%.forH 7 hou-rs^^fchen'i^it was<?*^cooled 
and f iite-2aedi^t03^removie»#so/l*ideisjfe Th:e«rsoivenfes^,ver<s-*rem©ved 
from the«#f i^l^triafee.^l3y^vaGAiUTns*d The^iicrude^product 
was pu-ri*£4'^e.d»«'by^fl*ash ch-iroTO^^ MeOH 
in EtOAq) no-^yield^a HiWhi\tieN^Bolidi^{2.it33«^g;^ B6^^^^^ 
yield)^v CL^^^Ae^°- icmt ^^i^^i ^^ 192^ 194*^0. 

invent-±on»"*incibtiding-' but not"^! imi-^ted^-to sel-ect ion- of -^enzymes 
with high, degree of sequence homology and optimization of 
reaction conditions will be obvious to a person of ordinary 
€kill in the art from the foregoing detailed description of 
the invention. Such modifications and variations are 
intended to fall within the scope of one or more embodiments 
of the present invention &.G defined by the following claims. 




What is claimed is: 

1 . A process for sterecselectively producing a 
dioxolane nucleoeide analogue from an anomeric mixture of P 
and a anoTners represented by the following formula A or 
formula B: 



wherein W is benzyl or benzoyl and is selected from the 
group consisting of Cj., alkyl and C5..5 aryl , the process 
comprising: 

hydrolyzing said mixture with an enzyme selected from 
the group consisting of cholesterol esterase, ESL-OOl-02, 
horse liver esterase, bovine pancreatic protease, a- 
chymotrypsin, protease from streptomyces caeopitosia, 
substiliain from bacillus lichenif ormis, protease from 
aspergillus oryzae, proteinase from bacilius lichenif ormis, 
subciliein from bacillus Ixchenif ormia, protease from 
streptomyces griseus, acylase from aspergillus melletus, 
proteinase from bacillus subtilis^ diversa clonexyme #5, 
pronase from streptomyces, lipase from rhizopus arrhizus, 
lipoprotxen lipase from pseudomonas sp. type B, bacterial 
protienase, lipase from pseudomonas cepacia and bacterial 
protienase to stereoseleccively hydrolyze predominantly one 
anomer to form a product wherein Rj^ is replaced with* H; 

separating the product from unhydrolyzed starting 
material ; 

stereoselectively replacing the R group with a purinyl 
or pyrimidinyl or derivative thereof. 




(A) 



(B) 




2. The process of claim 1/ wherein the srep of 
hydrolyzing results in the starting material having an 
anomeric purity of at least 80%. 

3. The process of claim i., wherein the step of 
hydrolyzing results in the start ing-^-material having an 
anomeric purity of at*- least- 90% ; 

4. The process of claim 1, wherein theinetepeof - 
hydrolyzing results in the starting material haviag^^^an*. 
anomeric purity of at least 95%, 

5. The process of claim 1, wherein the step of 
hydrolyzing results in the starting material having an 
anomeric purity of at least 98%. 

6. The process of claim 1, wherein the step of 
hydrolyzing results in the product having an anomeric purity 
of at least 80%, 

7» Thentprocess^ of ^ claim a, whe«i^in-^he^step xof 
hydrolyzdmg-resultstdnr-^h^i^product^-having..a purity 
of at leas,t-9Gi%^, 

8 .-^ The proGess«fof^"claiTn^ia / whece^J^ma^h^^-sbep^^cf^^ 
hydrolyzing results in the product having an anomeric purity 
of at lea6ife«i..95%.^ 

9, The process of claim i, wherein che step of 
hydrolyzing results in the product having an anomeric purity 
of at least 98%. 

10. The process of claim 1, wherein W is benzyl and 
wherein the enzyme is selected from the group consisting of 
cholesterol esterase, ESL-001-02, horse liver esterase/ 
bovine pancreatic protease, a-chymotrypsin, protease from 




streptomyces caeopitosis, subetilisin from bacillus 
lichenif orroie . 



11. The process of claim 10, wherein the enzyme is a- 
chymocrypsin. 

12. The process of claim 10, wherein the enzyme is 
bovine pancreatic protease. 

13. The process of claim l, wherein W is benzoyl and 
wherein the enzyme is aelected from the group consisting of 
protease from aspergillus cryzae, proteinase from bacillus 
licheniformiS/ subtilifiin from Bacillus lichenif ormis , 
protease from streptomyces griseus, acylase from aspergillus 
melletuB, proteinase from bacillus subtilis, diversa 
clonezymes #5, pronase from streptomyces, lipase from 
Rhizopus arrhizus, lipoprotien lipase from peeudomonas sp. 
type B, bacterial protienase, lipase from pseudomonas 
cepacia . 

14. The process of claim 1, wherein the purinyl or 
pyrimidinyl or derivative thereof is selecred from the group 
consisting of: 



is selected from the group consisting of hydrogen^ 
Ci.< alkyl, acyl and RC(0) wherein R is hydrogen or C^.^ 

alkyl; 




wherein 



4i 



R, and R, are each independently selecced ivom the group 
consisting of hydrogen, C,., alkyl, bromine, chlorine, 
fluorine, and iodine; and 

X and Y are each independently selected from the group 
consisting of hydrogen, bromine, chlorine, fluorine, iodine, 
amino and^-hydroxyAti 

15. The process, of claim 1, wherein the purine«or 
pyrimidine base or derivative thereof is se-iected f rom-the , 
group consisting-, of: 

NH, NH2 




^14 O N C 




16. The process of claim 1, wherein the step of 

replacing rfurthejSwCompFiseBiwT 

acylat4ngythe^,eejeond.mixfeu3se^«to.pJ5©diic^-a^^^ 

s ecK>ndmmi»x:t)i'3a.ei;%.&nd|ij|. 

gl,yc0ey.l'a^5ing^bewaGe,t.y%5Etee.drfaee©^^^^^^ a 

pu.rin%4pr*p^.imidi>ne-bas.e»or.de:rT^^^^^ 
Acid^Ea^pr^odw.eSRthe!»di©xo>lane*»nuG?^^^^ 



